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I.  INTRODUCTION 


A.  Background 

Much  work  ftas  been  performed  on  the  synthesis  of  poly¬ 

quinoxalines,  particularly  on  arylated  quinoxaline  polymers,  for  use 
as  matrix  materials  for  boron  and  graphite  composites.  Certain 
polyquinoxalines  are  valuable  in  such  applications  because,  having 
attractive  high  temperature  properties,  they  make  possible  extension 
of  the  temperature  range  of  utilization  of  the  composites  further  to¬ 
ward  the  ultimate  capability  of  the  reinforcement. 

Work  on  the  polyphenylquinoxalines  7-19  showed  that  polymers 
with  high  glass  transition  temperatures  (in  the  order  of  250-435°C)  and 
high  decomposition  temperatures  (in  the  order  of  510-560OC)  were  ob¬ 
tainable.  The  oxidative  resistance  in  air,  as  measured  by  weight  loss 
in  thermog ravimetric  analysis  experiments  or  by  isothermal  aging  at 
3  71°C,  was  notable;  introduction  of  oxygen  linkages  into  the  molecule, 
however,  gave  greater  oxidative  susceptibility  in  some  polymers.  On 
the  other  hand,  the  thermoplasticity  of  the  polyphenylquinoxalines 
above  their  glass  transition  temperatures  limits  the  range  of  their  use 
for  structural  applications.  Furthermore,  some  polyphenylquinoxalines 
form  highly  viscous  solutions  which  wet  reinforcing  filaments  with 
difficulty.  These  deficiencies  affect  adversely  the  use  of  these  polymers 
in  the  preparation  of  laminates. 

Further  research  on  polyquinoxalines  was,  therefore,  directed  to¬ 
ward  decreasing  their  high  temperature  plasticity  and  toward  improving 
their  solubility  characteristics.  Polymers  with  decreased  plasticity 
have  been  sought  through  ladder  polymers  and  through  incorporation  of 
substituents  which  permit  cross-linking  of  polymer  chains  after  the  initial 
fabrication  with  the  polyquinoxaline  has  been  accomplished.  Novel  methods 
for  polyquinoxalines  were  also  explored  as  an  answer  to  the  fabrication 
problem.  Among  the  investigations  on  ladder  polymers  may  be  mentioned 
the  work  of  Stille  and  co-workers  20-25^  Marvel  and  co-workers  26-30^ 
Jackson  and  Schroeder  31,  Russo  32?  Arnold  and  Van  Deusen  ^3,  and 
Naarmann  34#  Among  the  approaches  for  introducing  cross-linking  sites 
may  be  noted  the  work  of  Wentworth  and  Mulligan  35  and  Augl,  Duffy  and 
Wentworth  who  demonstrated  that  poly-p-tolylquinoxalines  could  be 
cross-linked  by  heating  in  an  argon  atmosphere.  Hergenrother  ^7  ac¬ 
complished  cross-linking  by  introducing  p-cyanophenoxyphenyl  substituents 
on  the  quinoxaline  ring  in  modified  polyphenylquinoxalines  and  heating  in 
an  inert  atmosphere  after  fabrication  with  the  linear  polymer  had  been 
accomplished.  Presumably,  the  cyano-group  trimerized  to  form  sym- 
triazine  rings.  Cross-linking  in  this  manner  raised  the  glass  transition 
temperature  by  50°C.  Among  the  novel  approaches  used  to  aid  process- 
ibility  is  the  method  of  Serafini,  Delvigs  and  Vannucci  38  who  accomplished 
polymerization  in  situ  from  35%  solutions  of  each  of  the  two  monomers  and 
thus  avoided  the"~Tmpregnation  problems  otherwise  encountered  from  high- 
viscosity,  high  molecular  weight  polypheny lquinoxaline  solutions. 
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An  approach  to  a  simultaneous  solution  of  the  processing 
problems  due  to  high  viscosity  polymer  solutions  and  to  thermo¬ 
plasticity  at  high  temperature  has  been  investigated  in  condensation 
polymers  other  than  the  polyquinoxalines .  The  method  entails  the 
incorporation  into  the  polymer  of  bulky,  planar  groups  standing 
crosswise  to  the  polymer  chain.  Thus,  Morgan  39,40  prepared 
aromatic  polyesters  from  bisphenols  in  which  the  phenylene  rings 
were  joined  by  bulky,  planar  groups  derived  from  phenolphthale in 
and  related  compounds  or  were  structures  such  as  diphenylmethylene, 

1- indanylidene ,  9-fluorenylidene,  9-xanthenylidene  and  the  like.  Such 
structures  imparted  marked  increases  in  the  glass  transition  temp¬ 
erature  and  enhanced  the  solubility  in  low  boiling  solvents.  Similar 
approaches  were  taken  by  Vinogradova  and  Korshak^l. 

Previous  research  42  AVCO  laboratories,  sponsored  by  the 
NASA  Lewis  Research  Center  investigated  the  potential  for  decreasing 
the  chemical  plasticity  of  ja  polyquinoxaline  by  the  introduction  of  the 
1-naphthalenyl  ring  as  a  substituent  at  the  3 -position  of  the  quinoxaline 
ring  were  comparable  to  those  of  a  polyquinoxaline  containing  a  phenyl 
ring  in  the  3-position.  A  model  reaction  study  between  2-methyl-3- 
phenylquinoxaline  and  N-phenylmaleimide  indicated  that  the  Michael 
condensation  would  probably  occur  in  the  polymer  reaction.  However, 
the  overall  yield  in  the  method  used  for  the  preparation  of  the  monomer 
p-  (methyloxalyl)benzil  was  too  low  to  permit  preparation  of  polymers. 

B .  Purpose  and  Scope  of  Present  Work 

The  present  work  is  concerned  with  the  preparation  and  preliminary 
evaluation  of  quinoxaline  polymers  and  the  fabrication  and  evaluation  of 
composites  of  graphite  fibers  and  quinoxaline  resins.  The  studies  on 
quinoxaline  resins  comprised  the  preparation  of  polymers  from  3,3'- 
diaminobenzidine  and  from  1,4-  and  1,  3 -bis[(l* -naphthalenyl)oxalyl]  - 
benzene  respectively,  the  investigation  of  new  methods  for  preparing  p- 
(methyloxalyl)benzil  and  the  preparation  of  polyquinoxalines  from  poly- 
(p-benzil)  and  1,  2-aryldiamines.  The  methods  for  evaluation  of  the  poly¬ 
mers  prepared  included  determination  of  inherent  viscosity,  elemental 
chemical  analysis,  measurement  ofglass  transition  temperatures,  iso¬ 
thermal  gravimetric  analysis,  and  determination  of  tensile  strength  and 
of  time  to  rupture  and  weight  loss  under  sustained  tensile  loading  at 
elevated  temperatures.  The  requisite  monomers  and  intermediates  were 
characte riz ed  by  melting  point,  infrared  spectrophotometric  analysis, 
elemental  chemical  analysis,  gas  chromatographic  analysis  and  nuclear 
magnetic  resonance  spectrophotometry. 

Investigations  were  conducted  on  polyquinoxaline  cross-linking  by 
model  reaction  studies,  infrared  analysis  and  transition  temperature 
determinations . 

Two  graphite  composites  were  prepared  by  the  polymer  solution 
technique  (from  two  different  polymers)  and  press  molding  the  laminates. 
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The  composites  were  analyzed  for  resin  content,  specific  gravity 
and  void  content  and  were  evaluated  with  respect  to  interlaminar 
shear  strength  at  room  temperature  and  after  short-time  exposure 
at  3l6°C  (600°F).  One  composite  was  also  evaluated  with  respect 
to  flexural  strength  and  modulus,  interlaminar  shear  strength  and 
weight  loss  at  260°C  (500°F)  and  3l6°C  (600°F)  for  various  exposure 
times. 
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II.  summary 


Experimental  studies  were  performed  with  new  polyquin- 
oxalines  and  their  graphite  composites.  A  new  monomer,  1,  3-bis- 
[(l'-naphthalenyl)oxalyl]benzene,  and  its  precursor,  l,3-bis[(lf- 
naphthalenyl)acetyl]benzene  were  synthesized  and  were  characterized 
by  melting  point,  elemental  analysis,  infrared  and  proton  nuclear 
magnetic  resonance  spectrophotometry.  PolyfZ,  2*-(l,  3 -phenylene) - 
6,  6,-bis[3-(l-naphthalenyl)]quinoxalinyl}  (Polymer  II)  which  was  pre¬ 
pared  from  this  monomer  and  3, 3 * -diaminobenzidine  was  found  to 
be  brittle.  An  isomeric  polymer,  poly{2, 2f-(l,  4-phenylene)-6,  6'- 
bis[3-(l  -naphthalenyl)]quinoxalinyl]  (Polymer  I)  was  also  prepared  and 
found  to  have  excellent  film-forming  characteristics.  A  copolymer, 
poly {2,  2,-(l,  4- phenylene -6 , 6  * -bis[3-(l-naphthalenyl)-co-  (phenyl)  (25/75)- 
quinoxalinyl}  (Polymer  III)  was  prepared  from  1,  4-bis  Ltt*  -naphthalenyl)- 
oxalyl]benzene,  1,  4-bis(phenyloxalyl)benzene  and  3,  31- diaminobenzidine. 
Poly[2,  3  —  (1 ,  4-phenylene)quinoxalinyl] ,  (Polymer  IV)  prepared  from  poly- 
(p-benzil)  and  o-phenylenediamine  had  a  low  molecular  weight  and  was 
brittle. 

The  four  polymers  prepared  were  characterized  with  respect  to 
their  inherent  viscosity  and  their  elemental  analysis.  Polymers  I  and 
II  were  characterized  further  with  respect  to  their  transition  temp¬ 
eratures  and  were  subjected  to  isothermal  gravimetric  analysis  at  315.6 
and  371.  1  C.  The  ultimate  tensile  strength  of  Polymer  I  was  measured 
at  204.4  and  315.6  C  and  specimens  of  Polymer  I  subjected  to  sustained 
tensile  loading  tests  at  these  elevated  temperatures  did  not  rupture  after 
114  hours . 

Conditions  for  crosslinking  polyquinoxaline s  by  quaternization  were 
determined  with  model  compounds.  However,  attempts  to  increase  the 
transition  temperature  of  Polymer  I  by  reaction  with  p-bis(chloromethyl)- 
benzene  were  not  successful. 

Composites  of  Hercules  HMS  graphite  fiber  and  respectively  Poly¬ 
mers  I  and  III  were  fabricated  as  panels  for  preliminary  evaluation  of 
their  mechanical  properties.  A  more  detailed  evaluation  was  made  of 
a  composite  of  Polymer  I  containing  48.  8  volume  percent  of  graphite 
with  respect  to  its  flexural  strength  and  modulus,  interlaminar  shear 
strength  and  aging  characteristics.  At  25  C,  the  flexural  strength,  the 
flexural  modulus  and  the  interlaminar  shear  strength  were  .respectively, 

6.  68  x  1Q7,  L  16  x  1Q10  and  3 .  23  x  10  6  ne wtons/m^j  at  315.  6UC,  they  were, 
respectively,  4.  38  x  10 77" 1-  05  x  10l°~and  2.  58  x  10&  newtons/m2. 
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III.  EXPERIMENTAL  RESULTS 


The  Experimental  Results  are  reported  in  two  tasks  with 
subtasks  as  indicated: 

Task  I:  Polymer  Synthesis  and  Characterization 

Subtask  A:  Monomer  Synthesis  and  Characterization 
Subtask  B:  Polyquinoxaline  Synthesis  and  Characterization 
Subtask  C:  Polymer  Cross-Linking  Studies 

Task  II:  Graphite/Polyquinoxaline  Fabrication  and  Evaluation 

Subtask  A:  Preliminary  Composite  Fabrication  and  Evaluation 
Subtask  B:  Final  Composite  Evaluation 

TASK  I:  POLYMER  SYNTHESIS  AND  CHARACTERIZATION- 
Subtask  A:  Monomer  Synthesis  and  Characterization 
1. 1  1,  4-Bisf  (l*-naphthalenyl)oxalyl1benzene  (I) 

This  monomer  was  prepared  by  the  method  of  Port  and  Loszewski42a. 


1.  2  1,  3-Bis[  (l'-naphthalenypoxalyllbenzene  (II) 

This  compound  was  prepared  by  a  modification  of  the  procedure 
used  for  preparing  I  (except  that  1,  3-dicyanobenzene  was  substituted 
for  1,  4-dicyanobenzene)  in  accordance  to  the  scheme  outlined  below. 
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B  +  ^HCi  +  2H£0  —> 
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Unexpectedly,  the  exact  procedure  42aused  for  preparing  1,4- 
bis[(l,-naphthalenyl)acetyl]benz ene  could  not  be  used  for  preparing 
l,3-bis-L(l'  -naphthalenyl)acetyl]benzene  (Compound  C)  by  a  straight¬ 
forward  substitution  of  1,  3-dicyanobenzene  for  the  1,4-isomer  since 
it  was  found  that  the  solvents  used  played  an  important  role  in  the 
extent  of  the  side  reactions  occuring  and  because  the  solubility  of 
Compound  C  differed  significantly  from  its  1,4-isomer.  A  typical 
example  of  the  successful  procedure  for  preparing  Compound  C  is 
given  and  is  followed  by  a  brief  discussion  of  the  effects  of  pro¬ 
cedural  variations. 

1.2.1  Preparation  of  1,  S-BisMl'-naphthalenyljacetyllbenzene 

1-Naphthalenylmethylmagnesium  chloride  43  was  prepared  in  an 
apparatus  comprising  a  one-liter,  3-necked  flask  equipped  with  a  large 
drain  stopcock  plugged  loosely  with  glass  wool,  a  pressure  equalized 
500ml  dropping  funnel,  a  reflux  condenser  (capped  with  a  CaS04  drying 
tube),  a  gas  inlet  tube  (for  continuous  purge  with  dried  nitrogen)  and 
a  gas-tight  mechanical  stirrer.  Into  the  flask  were  placed  55. 5g  (2.3 
moles)  magnesium  turnings,  and  the  entire  system  was  evacuated  and 
was  flamed  out  to  remove  moisture  absorbed  on  the  glass  walls.  After 
the  glass  had  cooled  under  the  nitrogen  purge,  175cc  dry  ethyl  ether 
(distilled  from  sodium)  and  a  crystal  of  iodine  were  added  to  the  flask. 
Into  the  dropping  funnel  were  placed  132.  5g  distilled  1-chloromethyl- 
naphthalene,  a  few  cc  were  added  to  the  flask  and  the  mixture  was 
heated  with  a  heat  lamp  to  the  reflux  point. 
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After  a  few  minutes,  a  self-sustaining  reaction  set  in.  The  re¬ 
maining  1-chloromethylnaphthalene  was  diluted  with  125  cc  ether, 
the  reaction  mixture  in  the  flask  was  diluted  with  400  cc  ether  and 
drop-wise  addition  of  the  diluted  1-chloromethylnaphthalene  to  the 
vigorously  stirred  reaction  mixture  was  begun.  The  rate  of  add¬ 
ition  was  controlled  to  maintain  a  gentle  reflux  without  external 
heating;  the  addition  required  1°  75  hours.  The  mixture  was  re¬ 
fluxed  by  external  heating  for  an  additional  hour  and  then  cooled 
to  room  temperature.  The  g reen- colored  mixture,  containing  a 
small  amount  of  a  white  precipitate  was  drained  into  a  graduated 
dropping  funnel  to  determine  the  volume  of  solution  and  then  into 
a  one-liter,  3-necked  flask.  (All  equipment  had  been  dried  by 
heating  for  24  hours  at  120°C).  Analysis  ^4  Qf  aliquots  of  the  ether 
solution  showed  an  84.  4%  yield  of  the  Grignard  reagent. 

Approximately  2/3  of  the  ethyl  ether  was  distilled  off  with  the 
use  of  an  oil  bath  set  at  60  +  5°C.  The  mechanically  stirred  mixture 
was  diluted  with  100  cc  dry  tetrahydrofuran  and  then  treated  with  25.  7g 
of  1,  3-dicyanobenzene  (corresponding  to  93%  equivalency  of  the  Grignard 
reagent)  dissolved  in  300  cc  dry  tetrahydrofuran.  A  dark  red  color  de¬ 
veloped  immediately  and  vigorous  distillation  of  the  solvent  occurred. 

The  solution  was  stirred  mechanically  and  was  heated  at  65°C  for  approx¬ 
imately  18  hours.  It  was  cooled  and  poured  into  1200  cc  ice  and  water 
containing  150  cc  concentrated  hydrochloric  acid.  An  oil  (411-104)  formed 
which  gradually  turned  to  a  light  brown  solid.  This  was  filtered  off, 
washed  with  water  and  dried  yielding  66.  2  g  of  a  solid  (79-  6%  crude  yield 
based  on  1,  3-dicyanobenzene).  F rom  the  filtrate,  28. 4  g  of  a  dark  brown 
oil  (411-104-1)  was  obtained  by  extraction  with  400  cc  benzene,  extracting 
the  benzene  layer  with  water  to  remove  traces  of  acid  and  distilling  off 
the  benzene.  Figure  1  is  the  infrared  absorption  spectrum  of  411-104-1 
which  shows  the  presence  of  absorption  due  to  the  nitrile  group  at  2250  cm"1 
It  is  conjectured  that  411-104-1  contains  some  3-[(l!-naphthalenyl)acetyl]  - 
benzonitrile . 

The  crude  411-104  was  heated  in  vacuo  at  50-60°C  (to  remove  small 
amounts  of  1-methylnaphthalene,  identified  by  a  comparison  of  its  infra¬ 
red  absorption  spectrum  with  the  spectrum  of  the  authentic  compound)  and 
the  residual  61  g  was  recrystallized  from  215  cc  n-butyl  acetate  (after 
treatment  with  3  g  decolorizing  charcoal  and  hot  filtration).  The  yield  of 
crystals  (411-104-2)  was  28.4  g,  m.p.  141-5°C.  When  411-104-2  was  re¬ 
crystallized  from  100  cc  n-butyl  acetate,  17.  7  g  411-104-4,  m.  p.  148-150°C, 
was  obtained  (21.4%  yield).  The  infrared  spectrum  of  411-104-4,  shown  in 
Figure  2,  bears  a  strong  similarity  to  the  spectrum  for  the  homologous  1, 
4-bis[(l,-naphthalenyl)acetyl]benzene  shown  in  Figure  3.  Both  compounds 
absorb  at  2900  cm"1  and  also  at  1690  and  1230  cm"1.  According  to  Colthup 
assignments  the  first  absorption  is  related  to  the  presence  of  -CH2- 
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or  of  -CH2  11  groups  and  the  second  and  third  absorptions  are  due 
to  aromatic  carbonyl.  Absorption  due  to  1-naphthalenyl  substitutions 
is  shown  in  both  spectra  at  3040,  1600,  1510,  1400,  790  and  7o0  cm 
consistent  with  Colthup  45  assignments.  As  expected,  Figure  2  shows 
absorption  consistent  with  meta  substitution  at  1160  cm  1,  Bellamy 
attributes  absorption  at  1170  to  1140  cm"1  to  meta  substitution,,  Figure 
3  lacks  this  absorption,  but  shows  weak  absorption  peaks  in  the^  H20  to 
1090  cm~l  region  which  is  attributable,  according  to  Bellamy  ,  to 
para  substitution. 


In  other  attempted  preparations  of  Compound  C,  toluene  was  used 
instead  of  tetrahydrofuran  as  the  medium  for  the  reaction  of  the  Grignard 
reagent  A  with  1,  3-dicyanobenzene.  Work-up  of  the  reaction  product 
gave  crude  Compound  C  for  which  an  infrared  spectrum  showed  strong 
nitrile  absorption.  Attempts  at  purification  by  crystallization  of  this 
material  unsuccessful.  In  other  experiments,  an  attempt  was  made 
to  substitute  tetrahydrofuran  for  ethyl  ether  as  the  reaction  medium 
for  the  preparation  of  the  Grignard  reagent  A.  Titration  44  showed 
that  none  had  formed;  instead,  a  compound  melting  at  157-60°C  was 
isolated  which  is  probably  crude  1,  2-bis(l'-naphthalenyl)ethane  for 
which  Schorigin  4?  reported  a  melting  point  of  162-30C. 


1,2.2  Preparation  of  1,  3 -Bis[(ll-naphthalenyl)oxalyl]benzene  (II) 

A  solution  of  20.  7  g  (0.  05  mole)  1,  3-bis[(l’-naphthalenyl)acetyl]- 
benzene  in  150  cc  dioxane  was  treated  with  11.3  g  (0.102  mole)  selenium 
dioxide.  The  mixture  was  stirred  and  refluxed  for  14  hours  during  which 
time  the  mixture  turned  brown  and  a  black  precipitate  of  selenium  formed. 
The  selenium  was  filtered  off  and  was  extracted  with  dioxane  in  a  Soxhlet 
extractor  until  the  extract  turned  colorless.  The  dioxane  filtrate  and  the 
dioxane  extract  were  combined  and  evaporated  in  vacuo  to  near  dryness. 
The  yellow  residue  (weighing  29g)  was  dissolved  in  62.  5  cc  boiling  n-butyl 
acetate,  treated  with  1  g  decolorizing  charcoal  and  filtered  hot.  When  the 
filtrate  was  cooled,  bright  yellow  crystals  (411-98-1)  formed  These  were 
filtered  off,  washed  with  n-butyl  acetate  and  dried.  The  yield  of  411-98-1 
was!3.0g,  m.  p.  130-1°C. 


Figures  4  and  5  are  proton  nuclear  magnetic  resonance  spectra  for 
411-98-1,  Figure  5  being  an  expansion  of  the  aromatic  region.  Since  reso 
nance  is  observed  only  for  protons  associated  with  meta  substitution  and 
with  1-naphthalenyl  derivatives,  no  other  types  of  protons  are  present. 
These  findings  are  consistent  with  the  assignment  of  1,  3-bi^(l  -naphtha - 
lenyljoxalyfjbenzene  as  the  structure  of  compound  411-98-1. 


Figure  6  is  the  infrared  spectrum  of  a  sample  of  II.  A  comparison 
of  Figure  2  and  Figure  6  shows  in  Figure  6  the  absence  of  absorption  at 
2900  cm"'  (due  to  methylene)  which  is  consistent  with  its  oxidation  to  car¬ 
bonyl.  Moreover,  a  close  examination  of  the  full-scale  spectra  shows 
that  the  absorption  at  1685  cm'1  in  Figure  2  (due  to  carbonyl)  is  twinned 
in  Figure  6.  Such  twinning  is  consistent  with  the  presence  of  the  two 
different  aryl  ketone  types  in  1,  3-bis[(l'-naphthalenyl)oxalyl]benzene.; 
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1.  3  3, 3  '-Diaminobenzidine 

This  monomer  was  purchased  from  Research  Organic/in¬ 
organic  Chemicals  Corporation  and  was  purified  by  the  method  of 
Port  and  Loszewski  42b  or  by  the  method  of  Hoggatt,  Hill  and  Shdo 
The  compound  melted  at  176.  5  -  177.  5°C. 


3-  (Methyloxalyl)benzil  (IV) 


An  unsuccessful  attempt  was  made  to  prepare  this  monomer  by 
the  method  outlined  schematically  below.  A  second  approach  (also 
unsuccessful)  is  given  in  Appendix  L 


Y)  +  Mg  — CHjAgct  (si) 

JZ I  +  CHjCN  — <-0chch<Q>cw 'XCh3  JML 

*  *  y  lid 


N 

MgCt 


^Chlp^lQCHXCH,  (J7ZZ) 


3ZZZ>  2  5e0, 


czf; 

00,00 
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1.  4. 1  Preparation  of  p-Chloromethylbibenzyl  (V) 


Several  attempts  at  the  preparation  of  V  by  the  method  of 
Massarani  49([n  which  sulfuric  acid  was  the  reaction  medium)  all 
gave  yields  of  less  than  5%. 

Several  modifications  of  the  basic  method  of  Blanc  ^0  for 
chloromethylation  of  aromatic  hydrocarbons  were  investigated  in 
the  course  of  which  it  was  found  that  the  following  procedure  gave 
the  best  yield.  A  solution  of  5.  5  g  zinc  chloride  and  60.  6  g  (0.333 
mole)  bibenzyl  in  100  cc  acetic  acid  was  held  at  55  -  59°C  while  being 
mechanically  stirred.  Hydrogen  chloride,  generated  during  the  course 
of  3-l/2  hours  by  the  dropwise  addition  of  100  cc  concentrated  hydro¬ 
chloric  acid  to  250  cc  concentrated  sulfuric  acid  stirred  mechanically, 
was  bubbled  through  the  acetic  acid  solution.  A  solution  of  11  g  (0.  37 
equivalents  of  HCHO)  of  paraformaldehyde  in  60  cc  methane  sulfonic 
acid  was  prepared  by  gently  heating  and  was  added  dropwise  to  the 
acetic  acid  solution  during  the  course  of  2  hours.  The  resulting  mix¬ 
ture  was  cooled  to  room  temperature  and  was  poured  into  250  cc  ice 
and  water,  and  the  mixture  was  extracted  with  150  cc  methylene  chloride. 
The  aqueous  layer  was  extracted  twice  with  125  cc  portions  of  CH2CI2, 
the  CH2  CI2  extracts  were  combined  and  were  freed  of  acid  by  extrac¬ 
tion  successively  with  150  cc  water,  150  cc  dilute  NaHCO-j,  and  150  cc 
water.  The  CH^  Cl 2  extract  was  then  dried  over  anhydrous  CaCl2> 
the  solution  filtered  and  the  solvent  removed  by  distillation.  The  re-? 
sidue  was  distilled  at  low  pressure.  Four  fractions  were  collected: 
94-53-1  boiling  at  111-116°  at  1.  5  mm  was  obtained  in  24.  5  g  yield.  Its 
infrared  spectrum  is  shown  in  Figure  7  and  is  almost  identical  with  the 
infrared  spectrum  for  bibenzyl  (Figure  8).  Fraction  2  boiled  at  117°C 
at  0.  3  mm  was  obtained  in  4.  5  g  yield  and  its  infrared  spectrum  showed 
that  it  was  principally  bibenzyl.  Fraction  3  boiled  at  140-146°C  at.  0.  30- 
0.  33  mm  in  16.  5  g  yield  and  fraction  4  boiled  at  148bC  at  0.  30-0.  33  mm 
in  16.  5  g  yield.  The  residue  weighed  12.  4  g.  The  infrared  spectrum  for 
fraction  3  is  shown  in  Figure  9-  A  chlorine  analysis  of  fraction  3  showed 

14.  9%  Cl  (theory  for  p-chloromethylbibenzyl  is  15.  4%)  by  the  Schoniger 
method  5  .  The  infrared  spectrum  for  fraction  4  was  identical  with  that 
for  fraction  3 . 

1.  4.  2  Synthesis  of  p-Acetonylbibenzyl 

Magnesium  turnings,  3.4  g  (0.1  mole)  were  covered  with  25  cc  dry 
ethyl  ether  and  a  crystal  of  iodine  was  added.  Five  cc  of  a  solution  of 

15.  5  g  (0.  067  mole)  p-chloromethylbibenzyl  in  25  cc  dry  ether  was  added 
to  the  mechanically  stirred  magne sium/ether  suspension.  The  mixture 
was  refluxed  for  about  10  minutes  by  which  time  the  suspension  became 
noticeably  cloudy.  The  mixture  was  diluted  with  50  cc  ether  and  the 
remainder  of  the  p-chloromethylbibenzyl  solution  was  added  dropwise 
while  the  mixture  was  stirred  mechanically  and  was  heated. 
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The  reaction  failed  to  become  self-sustaining  until  another 
crystal  of  iodine  had  been  added.  Shortly  thereafter  an  exo¬ 
therm  occurred  and  a  precipitate  formed.  The  mixture  was 
heated  and  stirred  for  30  minutes  after  the  exothermic  reaction 
had  ceased.  Dry  acetonitrile,  12  cc,  was  added  producing  a 
mild  exotherm.  The  mixture  was  stirred  for  one  hour  and  then 
poured  into  a  mixture  of  150  cc  of  ice  and  50  cc  concentrated  hy¬ 
drochloric  acid.  The  ether  layer  was  separated,  the  aqueous 
layer  was  extracted  with  100  cc  and  50  cc  portions  of  ether  and 
once  with  50  cc  toluene.  The  organic  layers  were  combined, 
washed  free  of  acid  with  water  and  were  dried  over  anhydrous 
CaC^.  Figure  10  is  the  infrared  spectrum  of  the  residue  remain¬ 
ing  after  the  solvent  had  been  flashed  off.  The  absorption  at  1720 
cm“l  is  probably  due  to  carbonyl.  The  weak  absorption  may  be 
indicative  of  a  low  yield,  and  the  presence  of  such  by  products  as 
4  -  me  thy  lb  ib  enz  y  1  (the  product  of  the  hydrolysis  of  4-bibenzyl  ymeth- 
ylmagnesium  chloride)  and  1,  2-bis(bibenzylyl)ethane  (the  product 
of  the  reaction  of  the  Grignard  reagent  and  p-chloromethylbibenzyl) 
are  likely. 

The  reaction  mixture  was  analyzed  by  gas  chromatography. 

An  F  &  M  Model  720  dual  column,  temperature  programmed  chrom¬ 
atograph  equipped  with  dual  thermal  conductivity  detectors  was  used. 

The  detectors  were  held  at  30CPC  and  the  injection  ports  at  200^3. 

The  separations  shown  here  were  carried  out  on  a  121  long  by  l/4M 
diameter  stainless  steel  column  packed  with  10%  SE-30  silicone  gum 
rubber  on  acid-washed  Chromosorb  W.  The  carrier  gas  was  helium 
at  a  flow  rate  of  60  ml/minute.  The  column  was  temperature  pro¬ 
grammed  at  5°C  per  minute  from  3  0°C  to  260CC  and  held  at  260CC  for 
five  minutes.  Chart  speed  was  0.  5  inches  per  mintue.  Figure  11 
shows  the  gas  chromatogram  obtained.  The  principal  component 
eluted  at  238PC,  and  its  infrared  spectrum  is  shown  in  Figure  12. 

The  absence  of  carbonyl  absorption  (at  1700  cm“^)  eliminates  the 
possibility  that  the  material  is  p-acetonylbibenzyl.  A  second  frac¬ 
tion  comprising  the  remaining  components  eluted,  was  collected  and 
its  infrared  spectrum  is  shown  in  Figure  13.  Since  this  fraction  does 
show  carbonyl  absorption,  it  is  possible  that  it  contains  p-acetonylbib- 
enzyl.  If  the  ratio  (16 : 1)  of  the  attenuation  factors  (Figure  11)  for  the 
components  is  taken  as  a  rough  esitmate,  the  yield  of  p-acetonylbi- 
benzyl  does  not  exceed  6%.  Decause  additional  attempts  to  improve 
the  yield  of  p-acetonylbibenzyl  were  unsuccessful,  further  work  on  this 
approach  toward  the  synthesis  of  p-(methyloxalyl)benzil  was  discontinued. 

1.  5  1,  4-Phenylenebismaleimide  (VTII) 

This  compound  was  prepared  by  the  procedure  of  Port  and 
Loszewski  42b  # 
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1-  6  p-Polybenzil  (IX) 


This  polymer  was  desired  as  an  intermediate  for  the  pre¬ 
paration  of  polyquinoxalines  by  reaction  with  o -phenylenediamine 
and  with  substituted  o-phenylenediamines  in  which  the  substituent 
had  latent  capability  for  cross-linking. 

The  overall  procedure  for  preparing  this  p-pdybenzil  is  out¬ 
lined  below: 


1.6.1  Poly-p  -benzoin 

This  material  was  prepared  by  the  method  of  Jones  and  Tinker"*^. 

A  solution  of  13. 4  g  (0. 1  mole)  terephthalaldehyde  in  13.  3  cc  95%  ethanol 
and  10.6  cc  water  was  treated  with  1.06  g  sodium  cyanide  and  was  re¬ 
fluxed  for  one  hour  The  solution  turned  red  and  an  orange  precipitate 
formed.  The  mixture  was  treated  with  40  cc  50%  ethanol  and  was  filtered. 
The  residue  was  washed  with  20  cc  50%  ethanol  and  was  dried.  The  yield 
was  8.  2  g  (61.6%).  The  product  was  soluble  in  m-cresol,  dimethylform- 
amide  and  ethylene  carbonate,  but  was  insoluble  in  water,  methanol,  eth¬ 
anol,  acetic  acid,  pyridine  and  nitromethane.  It  darkened  at  about  197°, 

but  did  not  melt  below  300°C.  The  inherent  viscosity  of  a  0.  5%  solution 
in  dimethylformamide  was  0.  097  dl/g  at  23. 0°C.  The  infrared  absorption 
spectrum  of  this  material  is  shown  in  Figure  14.  A  comparison  is  made 
in  Table  I  between  the  frequencies  of  the  principal  absorption  bands  of 
this  spectrum  and  that  for  benzoin.  The  concurrence  of  frequencies  is 
suggestive  of  an  assignment  of  poly-p-benzoin  to  sample  411-24-1. 

A  second  procedure,  based  on  the  method  of  Wehr  ^3,  did  not  give 
a  polymer  with  a  higher  molecular  weight.  A  solution  of  hydrogen  cyanide 
in  dimethylformamide  was  prepared  by  stirring  0.49  g  (0.  01  mole)  sodium 
cyanide  and  1.  36  g  (0.  01  mole)  potassium  bisulfate  in  10  cc  dimethylform¬ 
amide  containing  5  drops  of  water.  After  15  minutes  of  stirring,  the  mix¬ 
ture  was  filtered,  and  the  filtrate  was  treated  with  0.  35  g  of  triethylamine. 
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TABLE  I 


•COMPARISON  OF  FREQUENCIES a  OF  PRINCIPAL  ABSORPTION  BANDS 
OF  BENZOIN  AND  POLY-p-BENZOIN 


BENZOIN 

POLY-p-BENZOIN 

1680 

1680 

1610 

1610 

1575 

1575  (weak) 

1510  (weak) 

1490 

1410  (shoulder) 

1390 

1380 

1350 

1310 

1310  (weak  shoulder) 

1280 

1275  (weak  shoulder) 

1255 

1255 

1205 

1210  (weak) 

1180 

1180  -  1170  (broad) 

1025 

1020 

1000 

980 

980 

925 

860 

865 

833 

835 

810 

755 

745 

700 

700 

680 

680 
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3.  5  cc  of  this  solution  was  added  to  5  g  terephthalaldehyde  dis¬ 
solved  in  10  ml  dimethylformamide.  The  resulting  solution  was 
stored  under  nitrogen  for  18  hours  at  room  temperature  and  was 
then  heated  for  100  hours  at  45°C.  The  inherent  viscosity  of  the 
polybenzoin  so  obtained  (0.  5%  solution  in  dimethylformamide)  was 
0.  080  dl/g  at  23.  0°C. 

1.6.2  Poly-p-benzil 

A  mixture  of  4  g  of  poly-p-benzoin,  2  ml  of  water  and  10  ml 
concentrated  nitric  acid  was  heated  in  a  boiling  water  bath  for  2 
hours.  Nitric  oxide  was  evolved  and  a  fine,  yellow,  granular  solid 
was  produced.  The  mixture  was  cooled  to  room  temperature,  di¬ 
luted  with  80  ml  of  cold  water  and  was  filtered,  washed  on  the  filter, 
with  cold  water  and  dried.  The  yield  was  3.  9  g  (98.  5%).  The  infra¬ 
red  spectrum  of  the  reaction  product  is  shown  in  Figure  15  and  may 
be  compared  with  the  spectrum  forbenzil  (Figure  16).  Table  II  lists 
the  principal  frequencies  of  the  two  compounds.  Since  both  materials 
show  a  general  concurrence  of  the  frequencies  of  the  bands  and  since 
both  absorb  in  the  1600  -  1700  and  in  the  1200  -  1350  cm-1  regions 
(attributed  by  Colthup  to  aromatic  ketones),  an  assignment  of  p-poly- 
benzil  to  compound  94-39  is  suggestive. 

1.  7  o-Phenylene diamine  (X) 

This  compound  was  obtained  from  commercial  sources  and  was 
recrystallized  from  water  (m.p.  102-3°C). 

1.  8  1,  4-Bis(chloromethyl)benzene  (XII) 

This  cross-linking  compound  was  purchased  and  used  without 
further  purification. 

1.  9  3,  4-Diaminobenzonitrile  (XIII) 

An  attempt  to  prepare  this  compound  by  the  following  procedure 
did  not  give  the  desired  material. 


H^OCI  4-  CuCN 

H2sM 


+  CuCl 


A  mixture  of  20  g  (0.14  mole)  4-chloro-2-aminoaniline  and  15  g  (0.17 
mole)  cuprous  cyanide  was  heated  at  220-250°C  for  4  hours  under 
a  stream  of  nitrogen.  The  melt  was  cooled,  crushed  and  extracted 
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TABLE  II 


COMPARISON  OF  FREQUENCIES a  OF  PRINCIPAL  ABSORPTION  BANDS 

OF  BENZIL  AND  POLY-p-BENZIL 


BENZIL 

POLY-p-BENZIL 

3060 

3060 

2660  (weak) 

2540  (weak) 

1690,  1670 b 

1720,  1700,  1690,  1670 

1600 

1610 

1580 

1575 

1500 

1450 

1425  (shoulder) 

1410 

1385 

1320 

1320  (shoulder) 

1285 

1280 

1210 

1200 

1175 

1180  (shoulder) 

1110,  1095  (weak) 

1110  (broad) 

1070 

1020 

1020 

1000 

970  (weak) 

975 

930 

885 

870 

860-  840  (broad) 

790 

775 

730 

715 

690 

700  (weak) 

680 

680 

640 

620 

610 

525  (broad) 

a 


-1 

cm 


b 


broad  absorption  band 
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with  aqueous  ammonia.  The  residue  was  extracted  with  butyl 
acetate.  The  material  obtained  when  the  butyl  acetate  was 
evaporated  did  not  show  the  presence  of  nitrile  absorption  in 
infrared  analysis. 

Sub  task  B:  Polyquinoxaline  Synthesis  and  Characterization 
1.  10  Poly  [2,  2'-(l>  4-phenylene)-6 , 6  l-bis[3-(l-naphthalenyl)1quinoxalinyl} 
(Polymer  I) 

This  polymer  was  prepared  in  m-cresol  solution  by  the  method 
of  Port  and  Loszewski  , 

The  inherent  viscosity  of  Polymer  I,  measured  in  m-cresol 
solution  at  30°C  is  given  in  Table  III;  its  elemental  chemical  com¬ 
position  is  given  in  Table  IV. 

The  glass  transition  temperature  of  Polymer  I  was  determined 
from  stress-relaxation  measurements  by  plotting  the  shift  factor,  log 
(l/K),  as  a  function  of  the  reciprocal  of  the  absolute  temperature  and 
noting  the  temperature  at  which  the  slope  of  the  shift  function,  d[log 
(l/K)/d(l/T)],  changes  (a  detailed  description  of  the  experimental  pro¬ 
cedure  is  given  by  Port  and  Loszewski  Figure  17  is  the  master 

curve  for  Polymer  I  from  which  values  for  log  (l/K)  were  obtained 
and  plotted  as  a  function  of  the  reciprocal  of  the  absolute  temperature 
in  Figure  18.  The  break  in  the  curve  in  Figure  18,  which  occurs  at 
263°C,  is  the  transition  temperature. 

Isothermal  gravimetric  analysis  of  Polymer  I  were  performed 
at  315.  6°C  (600  +  5°F)  and  at  371. 1°C  (700  +  5°F).  The  weight  losses 
observed  are  shown  as  a  function  of  exposure  time  in  Tables  V  and  VI. 

The  ultimate  tensile  strength  of  Polymer  I  was  found  to  be 
63.  79  x  106  newtons/m^  (9250  lbs/in^)  at  204.  4°C  (400°F)  and  29.  72 
newtons/m2  (4310  lbs/in2)  at  315.  6°C  (b00°F).  Specimens  of  Polymer 
I  subjected  to  sustained  tensile  loading  at  75%  of  ultimate  strength  at 
204.  4°C  and  50%  of  ultimate  strength  at  315. 6°C,  respectively  did  not 
rupture  after  114  hours.  The  specimens  showed  no  weight  loss  at  204.  4°C 
and  a  3. 1%  weight  loss  at  315.  6°C. 

1. 11  Poly  (2,  2 1  - (1 ,  3-phenylene)-6 , 6 '-bisf 3 -(l-naphthalenyl)lquinoxalinyl) 

(Polymer  II) 

A  mixture  of  11.  928  g  (0.  027  mole)  1,  3-bis[3'-(l-naphthalenyl) 
oxalyljb enzene  and  5.  7865  g  (0.027  mole)  3,  3 '-diaminobenzidi  was 
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TABLE  III 


INHERENT 

QUINOX  ALINE 

VISCOSITIES  OF  SOME 

POLYMERS  IN  m-CRESOL 

Polymer 

^inh  dl/g  at  30-  °°C 

I 

1.80 

II 

1.44,  1.87 

III 

2.40 

TV 

0.14 

TABLE  IV 


ELEMENTAL  CHEMICAL  ANALYSIS  OF  SOME  QUIN OX  ALINE  POLYMERS 


Polymer 

Polymer  Composition,  Weight  % 

Theory 

F  ound 

C  H  N  O 

C  H  N  O 

I 

86.28  4.14  9.58 

88.02  3.78  9.40 

II 

i 

86.28  4.14  9.58 

85.88  3.48  8.30 

III 

84.85  4.15  11.00 

85.25  3.98  10.79 

IV 

81.30  3.94  13.37  1.39 

80.1  4.2  13.0  2.8a 

By  difference.  Polymer  assumed  to  contain  amide  groups. 
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TABLE  V 

ISOTHERMAL  GRAVIMETRIC  ANALY  SISa  OF  QUIN OX  ALINE 
POLYMERS  AT  315.  6°C  (600  ±  5°F) 


Time, 

hours 

Polymer  I 

Polymer  II 

Specimen  1 

Specimen  2 

Specimen  I 

Specimen  II 

0 

0 

0 

0 

0 

24 

3.  9 

4.  1 

3.8 

8.8 

144 

17.  4 

15.  3 

18.8 

25.  9 

192 

27.  3 

27.  4 

27.  2 

35.1 

217 

37.1 

37.  8 

34.3 

43.2 

288 

53. 1 

51 . 0 

44.  9 

55. 0 

336 

60.  7 

57.  4 

50.4 

61.1 

384 

65.  8 

62.  3 

54.  6 

65.8 

456 

71. 2 

68.  5 

60.  5 

72.1 

Percent  weight  loss 
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TABLE  VI 


ISOTHERMAL  GRAVIMETRIC  ANALYSIS3  OF  QUINOX ALINE 
POLYMERS  AT  371. 1°C  (700  ±  5°F) 


Percent  weight  loss 
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dissolved  in  70  cc  m-cresol  under  a  current  of  nitrogen  and  re¬ 
fluxed  for  18  hours.  A  viscous,  dark  colored  solution  resulted. 

The  inherent  viscosities  of  Polymer  II  of  tvro  preparations  are 
given  in  Table  III.  Portions  of  the  polymer  solution  were  cast 
onto  glass  plates  to  prepare  polymer  specimens  for  test  pur¬ 
poses.  Figure  19  is  the  infrared  spectrum  of  this  polymer  and 
may  be  compared  with  the  infrared  spectrum  (Figure  20)  of  Poly¬ 
mer  I.  Figure  20  shows  absorption  at  1410,  1200,  1140,  1040,  1010, 

860,  570  and  540  cm"'  not  present  in  Figure  19.  Figure  19  shows 
absorption  at  520  and  500cm"^  not  present  in  Figure  19-  The  elemental 
chemical  analysis  of  Polymer  II  is  given  in  Table  III. 

The  film  specimens  of  Polymer  II  were  too  brittle  for  stress- 
relaxation  and  tensile  tests.  The  glass  transition  temperature  of 
Polymer  II  was  therefore  determined  from  the  change  in  its  linear 
thermal  expansion  rate  (Figure  21)  and  was  found  to  be  248. 9°C 
(480°F). 

Isothermal  gravimetric  analyses  of  Polymer  II  were  performed 
at  315.  6°C  (600  +  5°F)  and  at  371. 1  °C  (700  +  5°F).  The  weight  losses 
observed  are  shown  as  a  function  of  exposure  time  in  Tables  V  and  VI. 

1- 12  Poly  f  2,  2 1  - (1 ,  4-phenylene)-6, 6'-bis[3-(l-naphthalenyl)-co-(phenyl)- 

(25/75)1quinoxalinyl)  (Polym  er  hi) 

A  mixture  of  11.765  g  (0.  02659  mole)  1,  4-bis[(l!-naphthalenyl)- 
oxalyljbenzene,  27.3993  g  (0.08003  mole)  1, 4-bis(phenyloxalyl)benzene, 
22.8466  g  (0.1066  mole)  3, 3!-diaminobenzidine  and  300  cc  m-cresol 
was  slowly  heated  with  mechanical  stirring  under  a  stream  of  nitrogen. 
The  mixture  rapidly  turned  dark  red  and  the  components  slowly  dissolved 
As  the  solution  became  more  viscous,  the  bath  temperature  was  grad¬ 
ually  increased  until  refluxing  occurred.  The  solution  was  refluxed  for 
18  hours  and  cooled.  The  inherent  viscosity  of  the  resulting  Polymer  III 
is  given  in  Table  III  and  the  elemental  composition  of  the  dried  film  is 
shown  in  Table  IV. 


1. 13  Poly[2,  3 -(1,  4-phenylene)quinoxalinyl]  (Polymer  IV) 

Polymer  IV  was  prepared  by  refluxing  for  18  hours  a  solution  of 
10.  6513  g  polybenzil  (0.  07872  equivalents  on  the  basis  of  an  assumed 
degree  of  polymerization  of  10)  and  8.  5128  g  (0.  07872  equivalent)  of 
o-phenylenediamine  in  60.9  g  m-cresol.  Traces  of  water  were  removed 
by  distilling  the  mixture  until  the  boiling  point  reached  203°C.  A  dark 
green  viscous  solution  resulted.  The  inherent  viscosity  of  this  polymer 
is  given  in  Table  III.  A  film  cast  from  this  solution  was  brittle.  The 
film  was  dried  in  vacuo  at  150  C,  and  an  elemental  chemical  analysis 
(Table  IV)  was  performed. 
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Figure  21.  Coefficient  of  Linear  Thermal  Expansion  of  Polymer  II 
as  a  Function  of  Temperature* 


Sub  task  C:  Polymer  Cross-Linking  Studies 


L  13  Reaction  Conditions  for  Cross-Linking  Polyquinoxalines 

by  Quaternization 

Reaction  conditions  for  cross-linking  Polymer  I  by  quater¬ 
nization  with  p-bis(chloromethyl)benzene  were  sought  first  by  studies 
of  polymer  films  by  infrared  spectrophotometric  analysis  and  then 
by  model  compound  investigation. 

1.13.1  Polymer  Film  Studies 

A  solution  of  0.148  g  p-bis (chloromethyl)benzene  in  1  g  m- 
cresol  was  dispersed  in  18  g  of  a  solution  of  Polymer  I  in  m-cresol. 

This  produced  a  solution  containing  5%  of  p-bis(chloromethyl)benzene 
based  on  the  resin  present.  The  solution  was  cast  onto  a  glass  plate 
for  specimen  preparation  for  infrared  spectrophotometric  analysis. 

Figure  20,  the  infrared  spectrum  of  Polymer  I,  shows  ab¬ 
sorption  at  1285  cm  Figure  22,  the  infrared  spectrum  of  Polymer 
I  containing  5%  p-bis  (chloromethyl)benzene,  shows  an  additional 
shoulder  at  1270  cm  in  which  region  chloromethylaryl  compounds 
have  been  observed  to  absorb  (cf.  Figure  9).  However,  the  close 
proximity  of  the  two  absorption  bands  leads  to  uncertainty  in  the  inter¬ 
pretation  of  the  results.  Therefore,  conditions  for  quaternization  were 
sought  with  the  use  of  model  compounds. 

1.13.2  Quaternization  of  Model  Compounds 

2,  3- Diphenylquinoxaline  was  prepared  by  an  adaptation  of  the 
method  of  Bost  and  Towell  ^4  and  when  recrystallized  from  methanol 
melted  at  125-7  °C.  Its  infrared  spectrum  is  shown  in  Figure  23  and 
may  be  compared  with  the  spectrum  for  p-bis(chloromethyl)benzene 
(Figure  24).  Although  the  spectra  differs  in  many  aspects,  the  key 
differences  lie  in  the  absence  of  absorption  in  Figure  23  at  1420,  1270, 
850,  680  and  520  cm  at  which  frequencies  absorption  is  noted  in 
Figure  24.  Figure  25  is  the  infrared  absorption  spectrum  for  an  equim¬ 
olar  mixture  of  the  two  compounds  and  Figure  26  is  the  infrared  ab¬ 
sorption  spectrum  for  the  mixture  which  had  been  heated  for  30  minutes 
at  85°C.  '  Absorption  at  1420,  1270,  850,  680  and  520  cm  1  may  be  noted. 
Figure  27  is  the  infrared  absorption  spectrum  of  the  mixture  after  being 
heated  at  150°C  for  90  minutes  (411-100-2).  (The  mixture  changed  to  a 
brittle  glass  after  being  heated).  The  absence  of  absorption  at  1420,  1270 
850,  680  and  520  cm  l  may  be  noted.  The  presence  of  chloride  ion  in 
411-100-2  was  demonstrated  by  the  addition  of  silver  nitrate;  the  pre¬ 
cipitate  which  formed  was  soluble  in  aqueous  ammonia.  It  is  reasonable, 
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therefore,  to  conclude  that  quaternization  may  have  occurred. 

1.13.3  Transition  Temperatures  of  Cross-Linked  Poly- 
quinoxalines 

Samples  of  films  of  Polymer  I  and  of  Polvmer  I  containing 
5%  p-bis(chloromethyl)benzene  were  heated  at  160°C  for  6  hours.  The 
second-order  phase  transition  temperatures  of  these  samples  were 
then  determined  from  stress-relaxation  measurements  by  plotting  the 
shift  factor,  log  (l/K)  as  a  function  of  the  reciprocal  of  the  absolute 
temperature  and  noting  the  temperature  at  which  the  slope  of  the  shift 
function,  d[log(l/K)/d(l/T)]  changes  (  see  Section  1.10).  Figure  17  is 
the  master  curve  for  Polymer  I  from  which  values  for  log  (l/K)  were 
obtained  and  plotted  as  a  function  of  the  reciprocal  of  the  absolute  temp¬ 
erature  in  Figure  18.  The  break  in  the  curve  in  Figure  18,  which  occurs 
at  263  C,  is  the  transition  temperature.  Figures  28  and  29  are  respect¬ 
ively  the  master  curve  for  Polymer  I  cross-linked  with  5%  p-bis  (chloro- 
methyl)benzene  and  the  plot  of  log  (l/K)  vs.  l/T  for  this  material.  From 
the  latter  curve,  the  transition  temperature  for  Mcro ss -linked”  Polymer 
I  was  determined  to  be  257  C.  It  is  evident,  therefore,  that  no  change 
in  the  transition  temperature  occurred.  It  was  observed  that  the  film 
specimens  of  Polymer  I  containing  5%  p-bis (chloromethyl)benzene  were 
clouded,  which  is  indicative  of  incompatibility  of  the  cross-linking  agent. 
The  additional  breaks  (at  112  and  168  C)  in  the  curve  observable  in  Figure 
29  may  be  due  to  volatilization  of  the  cross-linking  agent. 
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TASK  II;  GRAPHITE/POLYQUINOXALINE  FABRICATION  AND  EVALUATION 

Subtask  A:  Preliminary  Composite  Fabrication  and  Evaluation 

Preliminary  experiments  were  performed  to  establish  con¬ 
ditions  suitable  for  preparation  of  undirectional  prepregs  and  for  fab¬ 
rication  of  undirectional  composites  of  graphite  tow  and  Polymers  I 
and  III,  respectively.  In  addition,  test  data  were  obtained  on  the  inter¬ 
laminar  shear  strength  of  samples  of  these  composites  to  demonstrate 
suitability  of  these  materials  for  more  extensive  evaluation. 

2. 1  Development  of  the  Composite  Fabrication  Process 

Techniques  were  sought  for  impregnation  of  Hercules  HMS 
graphite  tow  (10,000  filaments  per  tow)  with  PPQ  polymer  solution,  for 
removal  of  solvent  from  the  prepreg  and  for  molding  sheets  for  prepreg 
into  test  panels.  Preformed  m-cresol  solutions  containing  approximately 
16.  5%  of  Polymers  I  and  III,  respectively,  were  used  for  impregnation. 

2.  1.  1  Development  of  the  Impregnation  Procedure 

The  impregnation  process  for  the  preparation  of  the  PPQ  prepreg 
went  through  several  iterations  (with  variations)  before  the  desired  combi¬ 
nation  of  resin  content  (35-40%)  and  volatiles  level  (3-7%)  was  obtained. 

The  first  attempt  consisted  of  wrapping  the  dry  fiber  onto  a  dry  cylindrical 
mandrel  (a  Kapton  film  was  used  as  a  release  sheet).  Approximately  six 
wraps  per  inch  were  used  which  gave  some  space  between  succesive  tows 
in  order  to  permit  complete  impregnation  of  the  tows  to  be  made  readily. 
However,  60  minutes  of  "staging"  under  radiant  heaters  on  the  rotating 
mandrel  resulted  in  only  10%  resin  pickup.  Moreover,  inspection  showed 
that  the  cylinder  side  of  the  prepreg  was  unevenly  impregnated  and  ex¬ 
hibited  dryness.  A  second  attempt  was  made  with  the  radiant  heaters 
closer  to  the  mandrel  (providing  higher  varnish  temperature  during  im¬ 
pregnation  and  thus  lower  varnish  viscosity),  but  the  impregnation  was  only 
marginally  improved.  The  mandrel  side  of  the  prepreg  was  less  dry; 
however,  the  resin  content  was  only  11%  and  the  volatiles  were  very  low  at 
approximately  1.  5%.  Although  a  reimpregnation  of  these  prepregs  with 
additional  varnish  raised  the  resin  content  to  the  desired  level  (39%),  the 
prepreg  lost  alignment  during  the  oven  staging  used  to  reduce  the  volatiles 
content. 


In  the  next  process  variation  essayed,  the  Kapton  film  (covering 
the  mandrel)  was  precoated  with  varnish  which  was  heated  by  two  24"  x 
0.  5"  110  watt  Chromalox  Radiant  Heaters  (one  heater  being  set  at  a  distance 
of  one  inch  in  front  and  the  other  at  0.  75  inches  behind  the  rotating  mand¬ 
rel)  as  the  graphite  tow  was  wound  (6.  15  tows/in.  )  into  the  heated  varnish. 


-53- 


Heating  was  maintained  at  40%  of  wattage  capacity  by  the  use  of  a 
transformer  until  sufficient  solvent  had  evaporated  for  the  varnish 
coating  to  recede  into  the  tow.  A  second  coating  of  varnish  was  then 
applied  and  worked  into  the  wrapped  fibers  with  a  Teflon  roller.  The 
prepreg  was  staged  for  5-10  minutes,  and  a  third  coating  of  varnish 
was  applied  which  increased  the  total  resin  content  to  approximately 
40%.  The  prepreg  was  staged  on  the  rotating  mandrel  for  10  minutes 
at  the  same  heater  settings  used  during  the  coating  operation.  The 
transformer  setting  was  increased  to  impress  90%  of  rated  wattage, 
the  rotating  mandrel  was  enclosed  with  aluminum  foil,  and  staging 
was  continued  for  95  minutes.  The  resulting  prepreg  had  41%  resin 
content  and  3.  7%  volatiles.  Because  the  technique  of  precoating  the 
mandrel  with  the  resin  varnish  provided  a  prepreg  which  had  the  de¬ 
sired  resin  content  and  volatiles,  the  method  was  used  through  - 
out  for  prepreg  preparation.  Tests  of  five  prepregs  so  prepared 
showed  a  range  of  40-43%  resin  and  3.4  -  5.  5%  volatiles. 


2.1.2  Molding  Composite  Panels 


The  conditions  selected  for  molding  sheets  of  the  prepregs 
into  composite  panels  were  based  on  previous  experience  at  Avco 
with  other  PPQ  resins  and  on  a  knowledge  of  the  transition  temperatures 
of  the  two  polymers  used.  The  following  describes  the  procedure  used 
for  molding.  A  prepreg  sheet  was  clicker-die  cut  into  103  cm2  (4"  x  4") 
or  413  cm  2  (8"  x  8")  squares  as  required.  Ten  squares  were  then  placed 
into  a  steel  closed-mold  with  two  peel  ply  layers  between  the  prepreg 
stack  and  the  mold  plugs.  The  mold  was  covered  with  a  Kapton  polyimide 
film  vacuum  bag,  and  bag  and  mold  were  placed  into  a  press  preheated  to 
204.  4°C  (400°F).  Full  vacuum  was  drawn  on  the  vacuum  bag,  and  the 
press  was  loaded  to  3.  45  x  106  newtons/m2  (500  psi).  The  temperature 
was  raised  to  287.  8°C  (550°F),  and  the  pressure  was  then  increased  to 
6.  89  x  10°  newtons/m2  (1000  psi).  Finally,  the  temperature  was  advanced 
to  398°C  (750°F,  which  is  above  the  T  for  the  polymers)  and  held  at  that 
temperature  and  pressure  for  one  hou^.  The  finished  molding  was  cooled 
under  pressure  to  <  204.  4°C  (<  400°F)  before  being  removed  from  the  mold. 
Table  VII  lists  the  molding  conditions  for  the  panels  fabricated. 


Specimens  for  flexure  and  shear  tests  were  obtained  from  the 
panels  by  rough  sawing  and  grinding  to  size.  The  specific  gravity  of  each 
panel  was  determined  from  the  weight  of  representative  specimens  in  air 
and  water.  The  resin  contents  (weight  percent)  of  the  panels  were  cal¬ 
culated  from  chemical  analysis  for  nitrogen  or,  by  difference,  from  the 
measured  weight  of  the  panel  and  the  weight  of  the  graphite  fiber.  F rom 
the  measured  density  of  the  panel,  the  void  content  and  the  volume  percent 
of  the  fiber  and  resin  were  calculated  (Table  VIII). 


I 
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At  398.  9°C  (750°F);  specimen  held  at  pressure  and  temperature  for  60  minutes 


PHYSICAL  PROPERTIES  OF  POLYQUINOXALINE/HMS  GRAPHITE  COMPOSITE  PANELS 


From  nitrogen  analysis. 


2.  2  Preliminary  Evaluation  of  Composites 

Table  IX  lists  preliminary  test  data  of  the  interlaminar 
shearQstrength  (at  room  temperature  and  after  30  minute  exposure 
at  316  C)  of  composites  of  Hercules  HMS  graphite  and  respectively, 
Polymers  I  and  III- 

Subtask  B;  Final  Composite  Evaluation 

The  composite  of  Polymer  I  and  Hercules  HMS  graphite 
tow  was  subjected  to  a  more  extensive  evaluation  comprising  studies 
of  its  mechanical  properties  (flexural  strength  and  modulus  and  inter¬ 
laminar  shear  strength)  and  its  isothermal  aging  characteristics 
(weight  loss)  at  26CTC  (500°F)  and  315. 6°C  (600®F). 

3 . 1  Mechanical  Properties 


3.1.1  Flexural  Properties 

Table  X  lists  the  flexural  strength  and  modulus  of  the  com¬ 
posite  at  25  ,  and  315.  6  C  as  a  function  of  time.  Each  test  was  made 
after  a  30  minute  exposure  at  temperature.  All  specimens  failed  in  a 
cleavage  mode.  The  data  (average  values)  are  plotted  in  Figures  3  0- 
32.  Figure  30  shows  the  change  in  flexural  strength  and  modulus  as  a 
function  of  temperature.  Figure  31  shows  the  effect  of  time  of  exposure 
on  the  flexural  strength  and  Figure  32  the  effect  on  the  modulus  of 
samples  of  the  composite  as  aged  respectively  at  260°  and  315.  6°C. 
Specimens  held  at  315.  6°C  failed  (delaminated)  after  300  hours. 

The  increase  in  modulus  at  260°C  observed  as  a  result  of  aging 
from  600  to  1000  hours  appeared  anomalous.  However,  test  of  a  specimen 
held  at  260°C  for  1290  hours  gave  a  value  of  1.  19  x  10^®  n/m^  (17.  2  x  10^ 
psi)  and  thus  gave  a  measure  of  confidence  to  the  observed  increase  in 
modulus  with  aging.  Because  of  the  statistically  small  samples  size,  the 
shape  of  the  modulus-time  curve  is  uncertain,  and,  therefore,  no  curve 
was  drawn.  It  appears  safe  to  say,  however,  that  if  the  modulus  did  not 
actually  increase  with  time  of  exposure,  it,  at  least,  remained  relatively 
constant. 


3.1.2  Interlaminar  Shear  Strength 

Table  XI  lists  the  interlaminar  shear  strength  of  the  composite 
at  25  ,  260  ,  and  315.  6  as  a  function  of  time.  These  data  are  represent¬ 
ed  graphically  in  Figures  33  and  34. 

3.1.3  Assessment  of  Mechanical  Property  Data 

The  mechanical  properties  of  the  composite  may  be  assessed 
from  several  considerations.  Figure  35  shows  the  retention  of  interlaminar 
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PRELIMINARY  COMPOSITE  EVALUATION 


EFFECT  OF  AGING  AT  ELEVATED  TEMPERATURES  ON  FLEXURAL 


59 


newtons/m2  x  10"7  b  psi  x  10“3  C  newtons/m2  x  10"1  psi  x  10 


FLEXURAL  STRENGTH 


FLEXURAL  MODULUS 


FLEXURAL  STRENGTH 


Figure  31.  Effect  of  Aging  at  Elevated  Temperatures  on  the  Flexural  Strength  of 
Polymer  1/ Graphite  Composite. 
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EFFECT  OF  AGING  AT  ELEVATED  TEMPERATURES 
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interlaminar  shear  strength 


Test  Temperature  jCBBSKI 

Fieure  33.  Effect  of  Temperature  on  Interlaminar  Shear  Strength  of  Polymer  1/ 
8  Graphite  Composite  after  30  Minute  Exposure  at  Temperature. 


newtons 


interlaminar  shear  strength 


psi  x  10 


c  Aged  ad  260°c  (500  °F) 


□  Aged  ad  315. 6°C  (6<lo0F) 


Hours  at  Temperature 


Figure  34.  Effect  of  Aging  at  Elevated  Temperatures  on  the  Interlaminar  Shear 
Strength  of  Polymer  i/Graphite  Composite. 


Figure  35.  Effect  of  Temperature  on  the  F raction  of  the  Value  of  Mechanical 
Properties  Parameters  Retained. 


shear  strength  and  flexural  strength  and  modulus  as  a  function  of 
temperature  expressed  as  the  fraction  of  the  corresponding  room 
temperature  mechanical  property  values.  Aging  a  specimen  for  1000 
hours  at  260  C  reduces  the  value  of  the  ultimate  flexural  stress  to  80% 
of  the  initial  value  at  that  temperature.  The  modulus,  as  already  noted, 
remains  unchanged  or  increases.  The  interlaminar  shear  strength  is 
also  relatively  well  retained  (72.  5%  of  initial)  at  260°C.  Aging  at  315.  6°C, 
however,  produces  a  marked  decrease  in  the  properties.  After  300  hours 
exposure,  the  flexural  strength  declines  to  39%  and  the  interlaminar  shear 
strength  to  59%  of  the  initial  value;  the  flexural  modulus  decreases  less- 
to  72%  of  the  initial  value. 

These  results  may  also  be  compared  (Table  XII)  with  the  results 
obtained  by  Hoggatt,  Hill  and  Shdo48  who  prepared  and  tested  composites 
of  poly  f  2,  2f-(l,  4-phenylene)-6,  6,-bis(3-phenyl)quinoxalinyn  containing 
70  volume  percent  of  HMS  graphite  fiber.  It  is  noteworthy  that  the  flex¬ 
ural  strength  and  interlaminar  shear  strength  in  short-time  exposure 
are  greater  for  composite  A  than  for  composite  B  in  the  temperature 
interval  tested.  No  long-term  exposure  data  was  given  in  the  cited  work. 
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rv.  CONCLUSIONS  AND  RECOMMENDATIONS 


1.  The  method  previously  reported  for  synthesizing  1,4-bis- 

1(1'  -naphthalenyl)acetyl]benzene  was  extended  to  l,3-bis[(l'- 
naphthalenyl)acetyl]benzene.  The  procedure,  therefore, 
probably  has  value  as  a  general  method  for  synthesizing 
bis(arylacetyl)benzene  compounds  which  are  intermediates 
for  monomers  needed  in  the  preparation  of  polyarylquin- 
oxalines. 


2.  Poly  [2,  2*-(l,  4-phenylene)-6,  6*-bis[3-(l-naphthalenyl)]- 
quinoxalinyl}  (Polymer  I),  the  polyquinoxaline  prepared  from 

1,  4-bis[(lr -  naphthalenyl)oxalyl]benzene  and  3, 3  '-diaminobenzi- 
dine  has  excellent  film-forming  properties.  However,  the  poly¬ 
mer  poly{2,  2* - (1,  3-phenylene)-6, 6'-bis[3-(l-naphthalenyl)]quin- 
oxalinyl]  derived  from  the  isomeric  tetracarbonyl  monomer 
gave  brittle  films. 

3.  The  glass  transition  temperature  of  Polymer  I  is  comparable 
to  that  of  the  homologous  poly  2,  2 1  —  (1,  4-phenylene)-6,  6'- 
bis(3-phenyl)quinoxalinyl  (Polymer  PPQ),  a  typical  poly- 
phenylquinoxaline.  The  use  of  bulky  pendant  groups  in  the  poly¬ 
mer  chain  to  increase  the  glass  transition  temperature,  either 
does  not  apply  to  polyquinoxaline s  or  the  naphthalenyl  group  is 
not  sufficiently  bulky.  It  is  recommended  that  the  synthesis  of 
monomers  for  polyquinoxalines  derived  from  anthracene  be  in¬ 
vestigated. 


4.  Polyquinoxalines  prepared  from  poly-p-benzil  had  low  molecular 
weights  and  were  brittle.  The  low  molecular  weights  may  be  a- 
scribed  to  the  low  molecular  weight  of  the  poly-p-benzil  which 
was  prepared  by  oxidation  of  poly-p-benzoin  synthesized  from 
ter ephthalalde hy de .  It  is  recommended  that  poly-p-benzil  be  pre¬ 
pared  from  poly(p-phenylethylene)  which  has  been  available  com¬ 
mercially  (e.g.  ,  as  Parylene)  or  maybe  synthesized  by  several 
methods  reported  in  the  literature. 


5.  Conditions  for  quaternization  of  model  quinoxalines  with  1,  4-bis- 
(chloromethyl)benzene  were  determined,  but  the  use  of  these  con¬ 
ditions  for  crosslinking  compositions  of  polyquinoxalines  and  1,4- 
bis(chloromethyl)benzene  did  not  increase  the  transition  tempera¬ 
ture. 


6.  A  composite  fabricated  from  Polymer  I  and  HMS  graphite  fiber  ex 
hibited  considerably  higher  flexural  properties  than  a  composite 
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made  from  Polymer  PPQ  and  HMS  graphite  fiber  when  norm¬ 
alized  to  60%  by  volume.  When  tested  at  elevated  temperatures 
after  short-time  exposure,  the  composite  of  Polymer  I  showed 
good  retention  of  its  room  temperature  mechanical  properties^ 
Retention  was  good  after  exposure  in  air  for  1000  hours  at  260  C, 
but  at  3l6°C,  the  composite  degraded  markedly  and  failed  by  de¬ 
lamination  after  300  hours  of  exposure. 


V.  APPENDIX  I 


Attempted  Synthesis  of  p-(Methyloxalyl)benzil  from  p-Phenacylpropiophenone 

Kornblum  and  Frazier's  method  of  conve r ting 0! -bromoket ones 

to  O'- diketones  was  the  basis  of  an  attempted  method  for  preparing  p- 
(methyloxalyl)benzil  from  p-phenacylpropiophenone  in  accordance  with 
the  following  scheme: 


p- Phenacylpropiophenone  was  prepared  by  the  F riedel-Crafts 
reaction  between  deoxybenzoin  and  propionyl  chloride  4^e.  Crude  p- 
(«-bromophenacyl)-  4-bromopropiophenone  was  prepared  by  the  method 
of  C.  Djerassi  57.  A  mixture  of  10  g  (0.  04  mole)  p-phenacylpropio¬ 
phenone  and  14.  2  g  (0.  08  mole)  N-bromosuccinimide  in  250  cc  carbon 
tetrachloride  was  refluxed  for  3  hours  under  radiation  from  a  heating 
lamp.  During  the  course  of  the  reaction,  the  solution  changed  color 
from  yellow  to  bright  orange  to  pale  yellow.  The  succinimide  was  re¬ 
moved  by  filtering  and  the  clear  solution  was  evaporated  to  dryness 
yielding  18.1  g  of  a  viscous  amber  liquid  Evidence  for  bromination 
maybe  found  by  comparing  the  infrared  absorption  spectra  for  p-phenacyl¬ 
propiophenone  (Figure  36)  with  that  for  the  amber  liquid  (Figure  37).  The 
salient  changes  are  the  appearance  in  Figure  37  of  absorption  bands  at 
1250,  1130,  840,  820  and  640  cm-1  which  are  absent  in  Figure  36  and  the 
absence  of  absorptions  at  910  and  880  which  are  present  in  Figure  36. 
According  to  C.N.R.  Rao  58a,  C-Br  stretching  vibration  appears  in  the 
region  700-500  cm-1.  L.  J.  Bellamy  associates  absorption  due  to 
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bromine  in  benzyl  bromides  with  frequencies  of  689-645  cm”  . 

A  solution  of  4.  37  g  (0.  0107  mole)  crude  p-(8-bromophenacyl)- 
(3-bromopropiophenone  in  25  cc  acetonitrile  was  treated  at  room  temp¬ 
erature  with  4.  77  g  (0.  0281  mole,  32%  molar  excess)  silver  nitrate  dis¬ 
solved  in  20  ml  acetonitrile.  The  solution  turned  cloudy  immediately 
and  the  mixture  was  stirred  mechanically  for  20  hours  and  was  then 
filtered  free  from  the  silver  bromide  which  was  washed  with  ether. 

The  filtrate  and  washings  were  combined  and  were  evaporated  to  dry¬ 
ness  yielding  7.  0  g  of  a  yellow  fluid  (94-59).  Figure  38  is  the  infra¬ 
red  absorption  spectrum  of  94-59  and  shows  the  presence  of  absorp¬ 
tion  at  1660,  1630,  1300,  1200cm-1.  Rao  58b  notes  that  "Covalent  nitrates 
show  the  asymmetric  and  symmetric  stretching  vibrations  of  the  NO^ 
group  in  the  regions  1650-1600  and  1300-1250  cm  .  " 


A  solution  of  94-59  in  90  cc  dimethyl  sulfoxide  was  treated  with 
a  suspension  of  0.  286  g  Na02CCH3 . 3H20  in  20  cc  dimethyl  sulfoxide 
and  stirred  mechanically  for  30  minutes.  The  mixture  was  poured  into 
400  cc  ice  and  water  and  saturated  with  sodium  chloride.  A  yellow  solid 
separated  which  was  extracted  with  200  cc  ethyl  ether.  The  ethereal 
solution  was  extracted  with  100  cc  saturated  NaHCOj  solution  and  dried 
over  anhydrous  calcium  sulfate.  The  ether  was  distilled  off  and  the 
residue  94-59-1A  was  recrystallized  from  toluene.  The  product  (94- 
59-1A-1)  was  filtered  off  and  washed  on  the  filter  with  toluene.  The 
melting  point  of  94-59-1A-1  was  227-231°C,  and  Figure  39  is  its  infra¬ 
red  spectrum.  Figures  40  and  41  are  proton  nuclear  magnetic  spectra 
of  94-59-1A-1  in  deuterated  acetone.  (Figure  41  shows  a  magnification 
of  the  phenyl  region),  p- Phenyl  substitution  and  singly  substituted  phenyl 
are  observed,  but  no  methyl  group  is  apparent.  Figure  42  is  the  proton 
n.m.  r.  spectrum  of  94-59-1A-1  in  deuterated  dimethyl  sulfoxide  and  shows  a 
carboxylic  acid  peak.  The  infrared  spectrum  (Figure  39)  confirms  the  pre¬ 
sence  of  the  carboxylic  acid  group  with  absorption  at  2660,  2560,  1680,  1300, 
and  940  cm-1.  Bellamy  46c  notes  absorption  due  to  OH  stretching  at  2700- 
2500  cm“l  and  to  0=0  vibration  in  aryl  acids  at  1700-1680  cm"1,  and  OH  de¬ 
formation  at  950-900  cm-1.  The  n.m.  r.  findings  are  consistent  with  the 
structures  t 


C  C  OH 

il  1 1  or 

O  O 


Weissberger,  Salminen  and  Mader  ^  reported  a  melting  point  for  p-(phenyl- 
oxalyl) -benzoic  acid  as  228-30°C  which  appears  to  be  the  compound  obtained 
in  the  present  work.  It  is  not  clear,  however,  whether  oxidation  to  the 
carboxylic  acid  occurred  during  the  bromination  step  (since  the  pure  com¬ 
pound  was  not  isolated)  or  in  any  of  the  subsequent  steps. 
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AoetO 


Figure  40  Proton  Nuclear  Magnetic  Resonance  Spectrum  of  p-Phenyloxalyl)benzoic  acid 


tC  -  <ifc 


79 


Expansion  of  Aromatic  Region  of  Proton  Nuclear  Magnetic  Resonance 
of  p-(Phenyloxalyl)benzoic  Acid 


80 


Figure  42  Proton  Nuclear  Magnetic  Resonance  Spectrum  of  p-(Phenyloxalyl)benzoic  Acid 
in  Deuterated  Dimethylsulfoxide  Showing  Carboxylic  Acid  Resonance 
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1777  Walton  Road 
Blue  Bell,  PA  19422 

Attn:  Library,  N.  Greco  1 

McDonnell  Douglas  Aircraft  Company 
Santa  Monica  Division 
3000  Ocean  Park  Boulevard 

Santa  Monica,  CA  90406  1 


Monsanto  Research  Corporation 
Dayton  Laboratory 
Station  B,  Box  8 
Dayton,  Ohio  45407 
Attn:  Library 

North  American  Rockwell  Corporation 
Space  &  Information  Systems  Division 
12214  Lakewood  Boulevard 
Downey,  CA  90242 

Attn:  Technical  Information  Center  -  D/096-722  (AJ01) 


Northrop  Corporate  Laboratories 
Hawthorne*  CA  90250 
Attn:  Library 


Rocketdyne ,  A  Division  of  North  American  Rockwell  Corp. 
6633  Canoga  Avenue 
Canoga  Park,  CA  91304 
Attn:  Library,  Dept.  596-306 

Sandia  Corporation 

Livermore  Laboratory 

Attn:  Technical  Library  (RPT) 
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SCI  Copies 

6344  Irw indale  Avenue 
Azusa,  CA  91702 

Attn:  I.  Petker  1 

TRW,  Inc. 

TRW  Equipment  Laboratories 
Cl  eveland,  OH  44117 

Attn:  W.  E.  Winters  2 

TRW,  Inc. 

Systems  Group 

One  Space  Park 

Redondo  Beach,  CA  90278 

Attn:  E.  A.  Burns  1 


Ultrasystems,  Inc. 

2400  Michelson  Drive 
Irvine,  CA  92664 

Attn:  R.  Kratzer  1 


Union  Carbide  Corporation 
Carbon  Products  Division 
12900  Snow  Road 
Parma,  Ohio  44130 

Attn:  J.  C.  Bowman  1 

U.  S.  Army  Materials  and  Mechanics  Research  Center 
Bldg.  39 

Watertown,  MA  02172 

Attn:  S.  E.  Wentworth  1 

United  Aircraft  Corporation 

United  Aircraft  Research  Laboratories 

East  Hartford,  CT  06108 

Attn:  M.  A.  DeCrescente  1 

United  Ai  rcraft  Corporation 
Pratt  and  Whitney  Aircraft 
East  Hartford,  CT 

Attn:  Library  1 

University  of  Denver 
Denver  Research  Institute 
P.  O.  Box  10127 
Denver,  CO  80210 

Attn:  Security  Office  1 
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